INTRODUCTION
Gastrointestinal (GI) subepithelial tumors (SETs) are detected incidentally by endoscopy. GI SETs are of various types, with varied prognoses ranging from benign to aggressive and a malignant potential. Therefore, proper diagnostic and therapeutic approaches are required. 1 When a GI SET is suspected, endoscopic ultrasonography (EUS) is the most accurate diagnostic method to determine the nature of the lesion, such as the originating layer, size, border, echogenic homogeneity, and the presence of echogenic and anechoic foci. 1, 2 However, most hypoechoic SETs are difficult to differentiate using EUS images alone. Gastrointestinal stromal tumors (GISTs) are the most commonly identified mesenchymal tumors in the stomach, and 10% to 30% of GISTs have a malignant potential. 3, 4 Although several features on EUS are specific for the prediction of the malignant potential of GISTs, the diagnostic accuracy of EUS findings varied widely, even with tissue sampling by EUSguided fine-needle aspiration, EUS guided Tru-Cut biopsy, and recently, EUS-guided fine-needle biopsy. 1, 5 Moreover, compared with computed tomography, EUS with contrast enhancement showed limited efficacy in characterizing lesions. 6 of CEH-EUS images according to the experience of the endoscopist and the equipment used. 4, 5, 7 To overcome this limitation in the analysis of CEH-EUS measurements, the new perfusion analysis software VueBox (Bracco Suisse SA, Geneva, Switzerland) was introduced. 8 Quantification of perfusion with CEH-EUS is feasible by analyzing the time sequence of contrast images and by calculating different perfusion parameters. 9 A recent study has published the data of differential diagnosis for focal pancreatic lesions by using CEH-EUS quantification analyses. 10 However, to our knowledge, no study published to date has evaluated the clinical usefulness of this method in patients with GI SETs. Therefore, this study aimed to evaluate the feasibility of CEH-EUS by using perfusion analysis software to distinguish SETs and to predict the malignancy risk of GISTs.
MATERIALS AND METHODS
Patients
We conducted a retrospective analysis and included patients with suspected SETs who were referred to Kyungpook National University Hospital for EUS examination from April 2012 to August 2017. All the patients were examined with B-mode EUS and CEH-EUS to analyze the characteristics of the respective SETs. All of them had provided informed consent before undergoing the procedures. The Institutional Review Board of our hospital approved this study (KNUMC_14-1024).
Endosonographic evaluation
Standard B-mode EUS was performed for all the patients with suspected subepithelial lesions. EUS was performed using a radial or linear echoendoscope (GF-UE260, GF-UCT260; Olympus Medical Systems, Tokyo, Japan) and a ProSound Alpha 10 processor (Aloka Co., Ltd., Tokyo, Japan). Results screen of the quantitative parameters of CEH-EUS for leiomyoma and high-risk GIST of the stomach. The small reference region of interest (ROI) defines the baseline for quantitative analysis in the center of the CEH-EUS image, and the large ROI marks the hotspot in the enhanced tumor for (A) leiomyoma and (B) high-risk GIST. Time-intensity curves of the large ROI for the quantitative parameter "peak enhancement" for (C) leiomyoma and (D) high-risk GIST. CEH-EUS, contrast-enhanced harmonic endoscopic ultrasonography; GIST, gastrointestinal stromal tumor; a.u., arbitrary units.
For CEH-EUS, the extended pure harmonic detection mode was used, which combines the filtered fundamental and second harmonic component frequencies with a mechanical index of 0.17. 4, 5, 11 When a subepithelial lesion was detected using fundamental B-mode EUS, the setting was changed to the extended pure harmonic detection mode. All the patients with solid subepithelial lesions received 2.4 mL of SonoVue (Bracco, Milan, Italy) as an ultrasonography contrast agent into the antecubital vein through a catheter, followed by 10 mL of saline flush. The CEH-EUS images were recorded for up to 120 seconds after the contrast injection. All B-mode EUS and CEH-EUS image clips were stored in the Digital Imaging and Communications in Medicine format, in the hard disk of the scanner, and were reviewed by a single experienced endosonographer (C.M.C.). The image clips were edited and evaluated using VueBox version 5.1. The software enabled the standardization of the quantification process. After uploading the image clips, calibration of the software and motion compensation are required to achieve sufficient reproducibility independent of the ultrasonography equipment used. A region of interest (ROI) was manually defined in all clip sequences by the same investigator (C.M.C.) and did not change throughout the clip (Fig. 1) . ROI was set in part of the vascularized area of the lesions to analyze perfusion kinetics. The time-intensity curves generated by VueBox were automatically analyzed to determine the CEH-EUS parameters. The parameters for perfusion quantification include peak enhancement (PE) in arbitrary units (a.u), rise time (RT) in seconds, mean transit time (mTTI) in seconds, time to peak (TTP) in seconds, wash-in rate (WiR) in a.u, wash-in perfusion index (WiPI) in a.u, and area under time-intensity curve (AUC) in a.u.
9,12-14
Histopathological evaluation
Among patients with SETs who underwent standard B-mode EUS and CEH-EUS, those with histologically proven GISTs confirmed by surgical resection and those with histologically proven benign neoplasms confirmed by surgical resection or EUS-guided tissue sampling were enrolled. Each pathology report was evaluated to confirm the diagnosis and determine the National Institutes of Health classification in GISTs. 15 GISTs were defined as SETs composed of spindle cells that stained positive for c-kit and CD34. The patients were categorized into three groups on the basis of their pathological reports as follows: patients with leiomyomas were categorized as a benign group, those with very low-and low-risk GISTs were defined as a low-grade malignancy group, and those with intermediateand high-risk GISTs were defined as a high-grade malignancy group. 5 
Statistical analysis
Categorical variables were expressed as numbers and percentages, and continuous variables were presented as medians and ranges, which were nonparametrically distributed. Statistical analyses of the differences in parameters for perfusion quantification among the three groups were conducted using the nonparametric Kruskal-Wallis test and the Mann-Whitney U test for comparisons between pairs of groups. Bonferroni correction was applied in the post hoc analysis of the intergroup comparisons. A p-value of <0.05 was considered statistically significant. Statistical calculations were performed using SPSS version 18.0 for the Windows software (SPSS Inc., Chicago, IL, USA).
RESULTS

Baseline characteristics
This study examined 44 patients, and their baseline characteristics are shown in Table 1 . Patients with GISTs underwent sur- gery, and those with other tumors underwent surgery or EUSguided tissue sampling followed by histopathological analysis.
The most common site of SETs was the stomach (79.5%, 35/44).
On the basis of their histological reports, 12 patients had benign tumors. In total, 32 patients (20 in the low-grade malignancy group and 12 in the high-grade malignancy group) were diagnosed as having GISTs.
In the CEH-EUS findings, a significant difference was found in the nonenhancing spots. Among the CEH-EUS features, nonenhancing spots were most common in the high-grade malignancy group (66.7%), followed by the low-grade (55.0%) and leiomyoma groups (0%; p=0.028) ( Table 2 ).
CEH-EUS data based on parameters for perfusion quantification
When comparing parameters for perfusion quantification between all benign tumors and GISTs, we found significantly higher TTP values for the GISTs than for the benign tumors (18.0 [14.9 to 690.0] vs 14.9 [10.2 to 17.1], p=0.029) ( Table 3 ).
In the comparison of the parameters for perfusion quantification between leiomyomas and GISTs, PE values were significantly [137.0 to 2,143.5], p=0.012) (Fig. 2) . Moreover, the wash-in and wash-out AUC (WiWoAUC) values were significantly higher in the GISTs than in the leiomyomas (1,424. In the comparison of the perfusion parameters of CEH-EUS in the leiomyoma, low-, and high-grade malignancy groups, the values of PE, WiR, WiPI, and WiWoAUC were significantly higher in the high-grade malignancy group than in the leiomyoma group (p=0.001, p=0.009, p=0.001, and p=0.001, respectively) ( Table 4 , Fig. 3 ). However, no significant difference was found with regard to RT and mTTI.
We also analyzed the diagnostic performance (sensitivity, specificity, positive predictive value, and negative predictive value) of each parameter for perfusion quantification for the GISTs in comparison with the leiomyomas (Table 5) . By using the cutoff values of the parameters, the sensitivities of PE, WiR, WiPI, and WiWoAUC ranged from 78.1% to 84.4%. The specificity of these four parameters was 60%.
DISCUSSION
To determine the malignancy risk of GISTs, surgical resection is generally required to detect the tumor size and mitotic count. However, some studies have shown that the absolute potential of malignancy in small GISTs appears to be very low and that only 1.9% of patients with very low risk showed disease progression during follow-up. 15, 16 Therefore, whether surgical resection should be performed to confirm the malignancy of low-risk GISTs has been unclear. 5 This has prompted research for alternative approaches to preoperatively predict malignancy risk. CEH-EUS is a new promising EUS technique for analysis of tumor microcirculation. This dynamic examination with a high temporal solution allows detailed description of the vascular architecture in the tumor tissue after intravenous administration of microbubbles as a contrast agent. 9, 17, 18 Standardized measurements using CEH-EUS as a reproducible and valid method are required in clinical practice because analysis of tumor microcirculation and changes in contrast enhancements should not differ among EUS experts. Therefore, a standardized analysis of tumor perfusion might be helpful. CEH-EUS, contrast-enhanced harmonic endoscopic ultrasonography; GIST, gastrointestinal stromal tumor; PE, peak enhancement; a.u., arbitrary units; WiR, wash-in rate; WiPI, wash-in perfusion index; WiWoAUC, wash-in and wash-out area under the curve.
In this study, we analyzed patients in leiomyoma, low-grade, and high-grade malignancy GIST groups from among those with GI SETs by using perfusion analysis software for the quantification of EUS perfusion-related parameters.
While RT and mTTI showed no significant differences when GISTs were compared with leiomyomas, PE, WiR, WiPI, and WiWoAUC showed statistically significant higher values for GISTs in this study. Abnormal blood vessels are considered one of the major factors in distinguishing GISTs from leiomyomas and in the prediction of malignant risk. 19 Although CEH-EUS is beneficial for the detection of blood flow in abnormal intratumoral blood vessels, 19 it has a limitation in that the pattern analysis depends on the operator subjectively. However, CEH-EUS with perfusion analysis using perfusion analysis software revealed various objective perfusion parameters that GISTs had more blood flow of abnormal angiogenesis within the tumors. Therefore, CEH-EUS with quantitative perfusion analysis revealed a different pattern with higher blood flow in GISTs than in leiomyomas. Compared with that of leiomyoma, the high-risk malignancy of GIST showed significantly higher values for PE, WiR, WiPI, and WiWoAUC. However, no significant differences were observed between the leiomyoma and low-risk malignancy groups and between the low-and high-risk malignancy groups. This result might be attributed to the widely distributed data of the low-risk malignancy group, although the median values for each parameter were different among the three groups.
To our knowledge, this is the first study to describe the prediction of malignancy risk in GI SETs with CEH-EUS by using perfusion analysis software (VueBox), based on histological evaluation.
This study has some limitations. First, it was a retrospective study. We collected data from GI SETs after evaluating CEH-EUS and reviewed the data using perfusion software. Patient selection bias might have existed because the data were selected on the basis of histologically proven SETs. Nonetheless, we tried to minimize selection bias by including all patients who had undergone surgery or EUS-guided tissue sampling after CEH-EUS. Second, our study was limited by the small number of patients and did not show significant differences between the leiomyoma and low-risk malignancy groups and between the low-and high-risk malignancy groups. We believe that this can be overcome by recruiting a large number of patients with SETs in future studies. Third, the ROI was not placed at the normal thin GI tissue in this study, although ROIs were compared at both the lesion and normal parenchyma in previous studies on other organs such as the pancreas and analyzed using VueBox. Complementary software or further studies might be required to address this aspect. Despite these limitations, we suggest that the present study has value because the prediction of malignancy risk in GI SETs with CEH-EUS was evaluated for the first time by using perfusion analysis software.
In conclusion, our results indicate that parameters such as PE, WiR, WiPI, and AUC significantly differ between the high-grade malignancy and benign leiomyoma groups in a perfusion analysis quantified using CEH-EUS measurements. CEH-EUS with a perfusion analysis using perfusion analysis software could be a quantitative and independent method for predicting malignancy risk in GI SETs. We hope that this study will lead to prospective studies with larger numbers of patients to elucidate the exact role of CEH-EUS with a perfusion analysis in the assessment of GI SETs.
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